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[57] ABSTRACT 

A method and apparatus for engraving characters by 
the use of numerically controlled machine tools. The 
characters are engraved by moving a first machine 
tool about the outline of the desired character. Where 
the character has inside corners, a second numerically 
controlled machine tool is moved about the outline at 
the inside corner at a plurality of depths to reduce the 
radius of the curvature at the inside corner. 

8 Claims, 24 Drawing Figures 
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METHOD AND APPARATUS FOR ENGRAVING 
CHARACTERS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifi- 
cation; matter printed, in italics indicates the additions 
made by reissue. 



This invention relates generally to a method and 
apparatus of engraving and more particularly to a 
method and . apparatus for engraving characters with 
numerically controlled machine tools. 
JThere are many applications in which characters an d 
desi gns must be engraved with extreme accuracy . In 
niany ot theSe cases, h and-controlled tools are not 
^accurate enough in that the variations in size and shap e 
/as between a plurality of similar characters or design s 

^ cannot be tolerated. 

For example, numerical printing wheels which each 
include the numbers zero through nine whic h are used 
in consecutive numbering of tickets or currency^ m ust 
ye consistent as well as uniform characters on'eaTn 
of the decade printing wheels which are used. 
Numerically controlled machine tools have been 
/ employ ^ for Rngrivm ^ t h r rhn m eters on these wheels. 
/ However, it has been found that numerically controlled 
/ machine tools cannot provide a small enough radius on 
\ . the inside corners of characters or designs. That is, on 
numbers like the number two and the number four 
wherein there are inside corners in the character, the 
provision of a large radius on the inside corner causes 
the character to look irregular. In order to make the 
character look right, there must be a small radius at the 
inside corner so that the corner looks sharp. 
Even with a very fine cutting tool, numerical control 
^ r nachines cannot make the radius of the inside corners 
( small enough. Moreover, when extremely fine cutting 
yiools are used the cutting tools wear out quickly and 

V the time required to engrave a character is too long 
/ because the cutting tool is too small to quickly remove 
I the large areas of excess material about the character. 

V It is therefore an object of the present invention to 
^overcome the aforementioned disadvantages. 

Another object of the invention is to provide a new 
and improved method of engraving characters by nu- 
merically controlled machine tools. 

bother object of the invention is to provide a new 
"and i mproved method nf fifigra vinfl of embossed char- 
acters wnn a numerically controlled machine tool de- 
vice whic h includes tne engraving of the character witli 
a firsj: c " tting tool to remove t he major portions of 
excess material about the , character And U fine CUHlHg 
. tool to clear the excess areas in the inside corners of the 
characters. 

.Still another object of the invention is to provide a 
new and improved method for engraving the inside 
corners of embossed characters with a numerically 
controlled machine tool which comprises the steps ^ 1 
I successively lowering the cutuifg todl" WltlTrespect' to 
the land of the character and following the outline o f 
the character at each of the depths. 

Still another object ot the invention is to provide a 
new and improved apparatus for engraving characters. 

Yet another object of: the. invention is to provide a 
new and improved apparatus for engraving characters 
which includes a large cutting tool and a fine cutting 



30 



tool and a movable support for the member in which 
the character is to be engraved. 

Yet another, object of the invention is to provide a 
new and improved apparatus for engraving embossed 
5 characters which includes a plurality of cutting tools of 
a first size and a plurality of cutting tools of a second 
size and a plurality of supports for members to be en- 
graved. 

These and other objects of the invention are achieved 
10 by providing a new and improved method and appara- 
tus for engraving the inside corners of embossed char- 
acters which consists of providing a cutting tool; posi- 
tioning the tip of the cutting tool at a plurality of suc- 
cessive depths with respect to the land of the character; 
15 moving the tool with respect to the character about the 
desired outline of the character so that the axis of the 
tool at each of the depths is spaced from the borderline 
of the character a distance equal to the radius of the 
tool in the plane of the land of the character. In this 
manner, the radius on the inside corner is reduced to 
the radius of said tool in the plane of the land of the 
character when the tip of the tool is at a depth with 
respect to the land of the character which is the small- 
est -of the successive depths of the tool/ 

Other objects and many of the ^attendant advantages 
of this invention will be readily appreciated as the same 
becomes better understood by reference to the follow- 
ing detailed description when considered in connection 
with the accompanying drawings ^herein: 

FIG. 1 is a . perspective view .of a numerically con- 
trolled machine tool device embodying the invention; 

FIG. 2 is an enlarged diagrammatic side eleyational 
view of the indexing device providing the support for 
t he wheels which are to be engraved: 
FIG. 3 is an enlarged perspective view of a printing 

I having e ngraved numerals thereon - 
FldTi is an enlarged perspective view taken in the 
area designated 4 in FIG. 1; 
FIG. 5 is an enlarged top plan view of an idealized 
40 embossed character numeral 4; 

FIG. 6 is an enlarged iiop plan view of an embossed 
character numeral four engraved by a conventional 
numerically controlled machine tool procedure; 
FIG. 7 is a top plan view of an embossed character - 
45 numeral four engraved with the method and apparatus' 
embodying the invention; j& h 
FIG. 8 is an enlarged top plan view taken in the arelr** 
8 designated in FIG. 4 after a first cutting tool has been 
utilized to engrave the embossed character numeral 
50 four; 

FIG. 9 is a sectional view taken along the line 9—9 in 
FIG. 8; 

FIG. 10 is an enlarged top plan view taken in the area 
■ 8 designated in FIG. 4 after a fine cutting tool has 
55 foll owed the outline nf the characte 
. first depth ; 

FIG. II is a sectional view taken along the line 
11— 11 in FIG. 10; 
FIG. 12 is an enlarged top plan view taken in area 8" 
60 designated in FIG. 4 after the fine cutting tool has 
. followed the outlineof the character numeral four at a 
second depth; - v 
FIG. 13 is a sectional 1 view taken along the line \ 
13—13 in FIG 12; ) 




ter - 
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• n umeral four at a* 
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FIG. 14 is an enlarged top plan view taken in the area- 
8 designated in FIG: 4 after a fine cutting tool has 
followed the outline of the character numeral four at a 
third depth; •■. • ' 
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FIG. 15 is a sectional view taken along the line moved downwardly out of the slot 42 after a character 

15—15 in FIG. 14; has been completely engraved. 

FIG. 16 is an enlarged top plan view taken within the As soon as the latching finger 44 and the indexing 

area 8 designated in FIG. 4 after the fine cutting tool finger [46 3 47 are moved out of the slots 42, the disc 

has followed the outline of the character four at a 5 40 is driven in a clockwise direction by a gear drive bar 

fourth depth; 50 which is moved in the direction of arrow 52. Se- 

F1G. 17 is a sectional view taken along the line cured to the rear side of disc 40, as seen in FIG. 2, is a 

17—17 in FIG. 16; concentrically mounted gear 54 having teeth 56 spaced 

FIG. 18 is an enlarged top plan view taken in the area about the periphery thereof. The teeth 58 on gear drive 

8 in FIG. 4 after the fine cutting tool has followed the 10 bar 50 are aligned with engaged teeth 56 so that when 

outline of the character numeral four at a fifth depth; the bar is drawn in the direction of arrow 52, the index 

FIG. 19 is a sectional view taken along the line disc 40 is rotated in the direction or arrow 60. 

19—19 in FIG. 18; As soon as the disc 60 starts to rotate, finger 44 is 

FIG. 20 is an enlarged top plan view taken in the area again urged against the periphery of the disc 40 until 

8 designated in FIG. 4 after the fine cutting too! has 1 the next notch 42 is reached. As soon as the next notch 

followed the outline of the character numeral four at a 42 is aligned with the end 62 of finger 44, the end is 

fifth depth; inserted into the notch 42 thereby stopping the motion 

FIG. 21 is a sectional view taken along the line of the index disc 40. As soon as the movement of the 

21 — 21 in FIG. 20; disc 40 has stopped, the finger 47 is reinserted into the 

FIG. 22 is an enlarged top plan view taken within the notch 42. The finger 47 is substantially equal in width 

area 8 designated in FIG. 4 after the fine cutting tool to the indexing notch 42, and thereby causes an accu- 

has followed the outline of the character numeral four rate placement of the indexing disc each time, 

at a seventh depth; The disc 40 includes on its forward surface, as seen in 

FIG. 23 is a sectional view taken along the line 25 FIG. 2, a shaft 64 upon which is mounted the printing 

23— 23 in FIG. 22; and wheel 30. The shaft 64 projects transversely from the 
FIG. 24 is a sectional view taken along the line surface of disc 40. 

24— 24 in FIG. 22; The printing wheel 30 includes a circular opening 66 
Referring now in greater detail to the various figures at the center thereof. Opening 66 is substantially the 

of the drawing wherein similar reference characters 30 same diameter of shaft 64 so that the printing wheel 

refer to similar parts a numerically controlled machi ne may be press fit over the shaft 64 and stationarily 

tool device is shown generally at 20 in FIG. 1 . mounted onto the rod 64. As set forth above, the hous- 

M achine tool device 20 basically comprisesa housin g ing 26 includes eight indexing devices 28 so that eight 

22 for supporting and rotating eight pairs of cuttin g printing wheels 30 can be mounted onto the housing 26 

tools . The machine tool device also includes a support 35 for simultaneous engraving. 

member 24 which supports a housing 26 which in- It should also be understood that fingers 44 and 

eludes a plurality of indexing devices (FIG. 2) each of E46] 47 are controlled by the numerical control 

which supports a printing wheel 30. program in the console 36. After a character has been 

As set forth above, the housing 22 includes eight completely engraved by the cutting tools 32 and 34, the 

pairs of cutting tools^ Each pair of cutting tools i n- 40 control automatically causes each of the fingers 44 and 

eludes a heavy duty cutting tool 32 and a fine cuttin g 47 of each of the indexing devices 28 to be unlatched 

tool 34. A console 3b is also provided which hodges the from the notches 42. The bar [70 ] 50 is then moved 

punched tape or other form of numerical control pro- in the direction of arrow 52 to cause rotation of the 

gram. The console 36 also includes conventional equip- indexing devices 28 which are each linked to the bar. 

ment for reading out the instructions from the program 45 Similarly, the same program causes the latching and 

and providing the ne cessary signals v i a lines 35, 37 and indexing fingers 44 and 47 to be released from the 

. 39 to the machine toordevlce 16 which cause the sup- notches 42 after all of the characters on a printing 

(5oft member 24 to be moved in accordance with the wheel have been printed. 

instructions provided in the numerical control pro- The notches 42 on each of the indexing devices ea- 
rn. SO able the shafts 64 to each be rotated the same angular 
As diagrammatically denoted by arrows 38 in FIG. l t distance each time the bar 50 is actuated. The latching 
th e support 24 moves three dimensionallv. That is. it is fingers 44 stop the rotation of the shafts 64 by engaging 
_ pvable in both th p p and y coordinates horizontally as the next notches 42. The indexing fingers 47 are then 
well as the z coordinate vertically. In addition, the urged into the notches 42 causing an exact positioning 
inaexing devices 287otate the printing wheels 30 after 55 of the shaft 64. 
ch character has been engraved. The operation of the device 20 is automatical! 
As best seen in FIG. 2, the indexing device 28 basi- minated after an entire wheel 30 has beeo^eligrav^jd. 
cally comprises a circular disc 40 which has a plurality The device is out of operation until such time as all of 
of indexing notches 42 which are equally spaced about the engraved printing wheels have been removed and 
the periphery of the disc. A pivotable latching finger 44 60 blank printing wheels placed on each of the shafts 64 of 
is also provided. Latching finger 44 is pivotably the indexing devices. The printing wheels 30 are 
mounted about a pin 46 which is secured to a fixed aligned on the shaft 64 by nipples 68 which are pro- 
member 48. The latching finger 44 is pivoted in a coun- vided about shaft 64 on the front surface of disc 40. 
terclockwise direction, as seen in FIG. 2, after a char- The nipples are provided to engage detents 70 which 
acter has been engraved on one surface of the engrav- 65 are provided in the rear face of the printing wheels 30. 
ing wheel 30. An indexing finger 47 is mounted in a The alignment of the printing wheel 30 on the shaft 64 
stationary member 49 having an opening for slidably insures that the surface of the wheel 30 which is being 
securing the indexing finger 47. The indexing finger is engraved is substantially horizontally disposed at the 
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time that the cutting too! is engraving a character ideal numeral four, shown in FIG. 5, are defined as the 

rpiereon. intersections of straight lines, the inside corners of the 

As best seen in FIG. 4, a pair of cutting tools 32 and numeral four seen in FIG. 6 are rounded at 98, 100, 

34 are provided above and adjacent each of the print- 102, 104, 106 and 108. The reasons that the inside 

ing wheels 30. The cutting tools 32 and 34 are each 5 corners 86, 88, 90, 92, 94 and 96 cannot be squared off 

utilized in a similar manner. That is, each of the tools as the intersections of two straight lines is due to the 

32 and 34 are rota ted i n the direction of arrows 72 an d fact that the closest that the cutting too! 32 can come to 

/ 74, respectiV ely. LUttmfi tool i2 is ot a larger diameter the borderline at the corners is limited by the radius of 

| than cutting tool 34 so that larger areas may be cut out the cutting tool in the plane which coincides with the 
V of the top surface of the printing wheel 30 to engrave 1° plane of the land (top surface) of the character, 

^the c haracters. 1 He cutting toor32 is substantially cy- Thus, after cutting tool 32 has engraved the charac- 

linoTical and includes at its lowermost surface a tip* ter numeral four, as shown in FIG. 6, the platform 80 of 

which is comprised of a tapered end 76. T he end 76 the printing wheel 30 is moved in the direction of arrow 

cTomprisera semic}/hnder as a result of thecutting tool 110 in FIG. 4. The printin g wheel 30 is then placed 

having a planar vertical surface 78 along the diameter 15 below the finer culling tooi 34. I he cutting tool 34 is 
of the cutting tool 32. The end 76 of the cutting tool 32 ^I hen positioned at various depthT with respect to the 

is frustoconically shaped. The edge 79 is the cutting land of the character and follows the borderline 82 of 

edge of the tool and extends at an angle with respSct to . The character at each of the curved port ions 98. lOOT 

the vertical longitudinally extending axis of the shaft 32 WZ y 11)4. 1U6 and lOs in the in side cornersof the 

C which is desired as trie slope on the sidewalls of the 20 embossed character fo ur, 

character to be engraved on the horizontal platform 80 " TKecutting tool 34 is lowered to a first depth with the ^ 

of the printing wheel 30. lo wermost point or surface 114 of the end 81 o f the J 

r As set forth above, the cutting tool 34 is of a smaller cuffing tool 34 intermediate of the depth of the lower \ 

/ diameter than cutting tool 32 The end 81 ot the cutting"" surface 112 of the platform 80. The lowermost point \ 

tool 34 is substantially semtcylindrical as a result of the 25 114 of the finer cutting tool 34 is, however, below the ) 

planar diametrically extending vertical surface 83 land 116 of the character. In the first operation, the 

which includes a cutting edge 85. The cutting edge 85 cutting tool 34 follows the outline 82 adjacent each of 

is inclined with respect to the axis of the cutting tool 34 the corners 88 through 108. The cutting operation is 

at the same angle as cutting edge 79 of tool 32. The t hen repeated at successive dep ths. I ne resuh Is illds- 
l lower portion of end 81 is thus also frustoconically 30 trated in FIG. 7. The radius ofthe inside corners have 

\haped. been substantially reduced. The numeral four engraved 

f, As indicated in phantom, the desired character to be in accordance with the invention has become almost 

engraved on the platform 80 is the numeral 4. The i dentical to an ideal number four, 

dotted line 82 thus represents the idealized or desired l ne exact sequence of operations in accordance with 

borderline ot the character numeral 4 . As best seen in 35 the invention is best seen in connection with FIGS. 8 

FIG. 5, an ideal numeral 4 would be made exactly in through 24 which show the progressive steps of the 

accordance with the character shown therein with the engraving of one of the inside corners of the resulting 

borderline of the engraved character following the character. 

borderline 82 exactly. FIG. 8 shows the platform 80 after the cutting tool 32 I 

-However, as best seen in FIG. 4, when the cutting 40 has passed adjacent corner 88 of the character numeral 

tool 32 is utilized to engrave the numeral 4 so that it is four. The cutting tool 32 as it follows the borderline 82 

s** embossed from the surface of platfor m 8, all of the of the character travels in lines parallel to the border- 

( material in the platform 80 outside of the borderlines lines 82. The axis 1 18 of the cutting tool 32 is depicted 

82 of the character 4, is remi jd down to a predeter- in phantom in FIG. 9. The axis of the cutting tool 32 

jr tnined depth bv the cutting tool 32. 1 hus, the lower-" 45 follows a line parallel to the borderline 82. The line of 

C " most surface 84 of th . fi cuttinp tool 32 islowered to 3 the travel of axis 118 is along path 120 which is shown 

f pr edetermined depth with respect to the platform 80 of in phantom in FIG. 8. 

I t fie printing wheel 36 and then the cutting tool 32 is Because the cutting tool 32 is rotated in order to cut 

\ moved with respect to the character four about the away the excess material on a platform, the cutting 

■ ] en tire platform 80 until all the m aterial outside the 50 Bgg ^° f ihe t0 °) 32 is therefore frustoconicaljy ^hapecL 
I borderline 82 is removed trom the~platform 80. /s mcelt is the shape ot 1 the cutting path that determines 

The excess material His which lies within the triangle ( the" material cut out of the platform, the cutting path of 
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.in the character numeral four is removed by elevating ^tne-tool~32 Is lllustrated"iu FIG. 9 iii-phantem-at-STT 

'the cutting tool 32 with respect to the character above Similarly, the cutting path of the cutting tool 34 is 

the top surface thereof and then lowering it within the 55 illustrated in phantom at 34! in FIGS. 11, 13, 15, 17, 

triangle. The cutting tool 32 is then moved along the 19, 2l, 2 J" and 24. It should also be noted that the ^ 

internal portion of the borderline 82 with respect to the radius of the cutting tools 32 and 34 at various points J 

Vcbaracter being engraved on the platform 80. along the ends thereof is determined by the cutting \ 

/ It should be noted that the cutting tool is only rotated edges 79 and 85. Thus, the cutting paths of the tools are J 

I and not moved linearly. Rather the platform 24 which 60 a locus of the rotation of the cutting edges of the tools. 

/ supports the printing wheel 30 is moved and ihe cutting As best seen in FIG. 9, the axis 1 18 is displaced from 

/ tools are actually stationary. The movement of the the borderline 82 in accordance with the radius of the 

[ cutting tool with respect to the printing wheel 30 is cutting tool 32 in the plane of the land 116 of the char- 

V therefore caused in the preferred embodiment by the acter. Consequently, the radius of curvature which 

V movement of the support member 26. 65 remains at portion 98 of the character four is equal to 

The embossed numeral four that is engraved on plat- the radius of the cutting tool in the plane of the land 

form 80 by cutting tool 32 is best seen in FIG. 6. 116 of the character. The character includes a sloping 

Whereas the inside corners 86, 88, 90, 92 and 94 of the sidewall 121 which is an angle with respect to the verti- 
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cal equal ^itMhejingle of t he cutting edge 79 of the 

The cutting tool 32 engraves an embossed character 
at only one depth. That is, the lowermost point 84 of 
the tool is moved to the plane of the lowermost surface 
112 of the platform. Therefore, as the cutting tool is 
moved about the borderline 82 of the character, the 
; lowermost surface 112 is formed about the periph ej 

or sidewall 121 of thechaxaciafe — — 

A fW the Gu* tmg"ope7ation utilizing the cutting tool 
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the path which is illustrated in phantom at 136. The 
lowermost surface of the cutting tool 34 causes the 
engraving of a platform 138 at the third depth. Again, 
t should be noted that the axis 122 is spaced from the 
order line 82 of the character by the radius of the 
'cutting tool 34 in the plane of the land of the character 
116. Thus, since the radius of the cutting tool is ta- 
pered, as the cutting tool is lowered, the radius of the 
cutting tool in the plane of the land 116 ofthe charac- 
ter is increasingly enlarged. Consequently, the path of 
movement of the axis of the cutting tool is increasingly 
spaced from the borderline as the cutting tool 34 is 
lowered. 

It should be noted that the cutting tool 34 at the third 
15 depth removes most of the platform 132 including the 
projection 134 which remains on platform 132 after the 
cutting tool 34 has been moved along path 130 at the 
second depth. 
After the cutting tool 34 has completed its path along 



32 has been completed, the fine cutting tool 34 is posi 
tioned with respect to the platform 80 so that it moves 
along the borderline 82 of the desired character. As 
best seen in FIGS. 10 and 11, the cutting path of tool 34 
which is depicted in phantom at 34' is lowered to a 
depth with respect to the platform 80 which is interme- 
diate of the lower surface 112 but lower than the land 
of the character 116. The axis 122 of the cutting tool 
34 therefore moves parallel to the desired borderline 

82 of the character. The path of the axis 122 is shown 20 the line 136, cutting tool 34 is lowered again to a depth 
in phantom at 124 in FIG. 10. It can therefore be seen below the platform 138 but intermediate of the lower 
that the path 124 of the axis is spaced from the border- surface 112. The path of movement of axis 122 of the 
line 82 in accordance with the radius of the cutting tool cutting tool 34 is parallel to the borderline 82 of the 
34 in the plane ofthe land of the character 116. There- engraved character as indicated in phantom at 140 in 
fore, although the cutting tool cannot exactly approach 25 FIG. 16. The lowermost surface 114 ofthe cutting tool 
the desired corner 86 of the character numeral four, 34 causes a fourth platform 142 to be engraved at the 
the radius of curvature at portion 124 has been sub- inside corner ofthe character. 

stantially reduced. The slope of the depending. sidewall After the cutting tool 34 has completed the engraving 
126 at portion 124 is identical to the slope of sidewall of each of the corners of the character at the fourth 
122. This is so because of the fact that the slope of the 30 i eve i m ^ p i ane Q f platform 142, the cutting tool 34 is 
cutting angle of both cutting tools 32 and 34 are sub- then lowered to a fifth depth intermediate of lower 
stantially equal. surface 1 12 as best seen in FIGS. 18 and 19. When the 

It s hould also be noted that the lowermost surfac e cutting tool 34 reaches the corner shown in FIGS. 18 
1 14 or' the c^»ng tooi 'eaves a i nonzontally dispose d and 19, the axis 122 of the cutting tool 34 follows the 
plattorm at I2K as the axis lzi ot' the cutting tool trav- 35 patn which is indicated in phantom at 144 parallel to 
eTsalonff path 124. where there, is a suhstantiai riitTpr. the desired borderline 82 of the engraved character, 
ence in the radius of the cutting tools 32 and 34, as the The lowermost surface of the engraving tool 34 also 
cutting tool moves along line 124, not all of the mate- causes a fifth platform 146 and thereby causes a large 
rial at the level of platform 128 is removed from the portion of the platform 142 to be removed. Again it 
corner of the character. As best seen in FIGS. 10 and 40 should be noted that the axis 122 is spaced from the 
11, a projection 130 remains along the bisecting line of borderline 82 in accordance with the radius of the 
the angle of the inside corner 86. cutting tool 34 in the plane of the land of the character 

After each of the inside corners have been passed by 1 16. 
the cutting tool 34, the cutting tool 34 is lowered to a It should also be noted that the remaining portions of *J 
second depth which is again intermediate ofthe lower 45 platforms 128, 132, 138 and 142 are crescent shaped > 
surface 112 but lower than the plane of platform 128. and remain only at the apex of the corner. That is, as [ 
As best seen in FIG. 12, the axis 122 of the cutting tool best seen in FIG. 18, the platform 146 prior to the next V 
34 is spaced from the borderline 82 of the character in cutting operation extends along a significant portion of \ 
accordance with the radius of the cutting tool 34 in the the corner. However, the platforms at 128, 132, 138 I 
plane of land 116 with cutting tool 34 at the second 50 a nd 142 that remain, remain only at the apex of the J 
depth. corner. + 

As best seen in FIGS. 12 and 13, as the axis 122 is After each of the corners of the character has been 
moved parallel to lines 82, the path of which is indi- engraved by the cutting tool 34 at the level of platform 
cated in phantom at 130, a platform 132 is engraved 146, the cutting tool 34 is lowered to a still deeper level 
into the corner of the character leaving only a small 55 intermediate of lower surface 1 12 as best seen in FIGS 



portion of platform 128 remaining. It can also be seen 
that as the cutting to ol J34 t ravels along the line 132, it 
als o causes the projection I3U to be removed. ~ 
<" I he re to re o n 1 v a ^mall r nrt,rtn n \ thf pE^rr 128 
Cremains which to the naked eye can hardly be seen. 
/ Also, at the second depth, a small projection 134 re- 
I mains. After each of the corners that are inside comers 
' ofthe character have been passed by the engraving tool 
34 at the second. depth, the cutting tool is again low- 



20 and 21. The cutting tool 112 again is moved parallel 
to the borderline 82. That is, the axis 122 is moved 
parallel to the borderline 82 along the path shown in 
phantom at 148 in FIG. 20. 
60 The lowermost surface of the cutting tool 34 en- 
graves a platform 150 in the corner of the character. 
When the cutting tool 34 moves along the platform 
150, the major portion of platform 146 is removed as 
best seen in FIG. 20. Platform 146 is thus crescent 



ered to a depth intermediate of the lower surface 112 65 shaped after the movement ofthe cutting tool 34 and is 

but lower than platform 132. aligned with platforms 128, 132, 138 and 142. 

As best seen in FIG. 14, the cutting tool 34 is again Again it is noted that platform 150 is larger than the 

moved parallel to the borderline ofthe character along remaining platforms. After each ofthe inside corners of 
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the character has been engraved at. the level of the reduced in radius thereby very closely resembling the 
platform 150, the cutting tool is then lowered so that idealized numeral four shown in FIG. 5. 
the lowermost surface of the cutting tool is substan- . As seen in FIG. 24, the cutting tool 34 was lowered 
tially in the plane of the. lower surface 112. one-seventh of the distance between the land 116 of 

The axis 122 of the. cutting tool 34 then follows a 5 the character and the lowermost surface 112 of the 
path parallel to the borderline 82 which is indicated in platform -80 after each step. However, it should be 
phanatom at 152 in FIG. 22. As the cutting tool 34 is noted that the number of lowering steps may be varied 
moved at the depth of the plane of the lowermost sur- as well as the spacing between each step without de- 
face 112, the cutting tool removes a major portionuof parting from the spirit of the invention, 
the platform 150 and. leaves the. crescentehaped plat- 10 In a preferred embodiment, the cutting tool 34 has a 
form 150 as shown in FIG. 22. lowermost , surface, , the radius of which is approxi- 

At this lowest depth, the axis 122 is spaced from the mately 0.003. inch. Tfi^|pnrf ^ ^ character is 
borderline 82 in accordance with the radius of the . spaced from the lowermost surface 112 of the platform 
cutting tool 34 in the plane of the land 116 of the char- approximately 0.02 1 inch and the cutting surface of the 
acter, 15 cutting tool is sloped at . an angle which tapers 0.001 

The lowermost surface 114 of cutting tool 34 contin- inch each 0.003 inch. - 
ues in the plane of the lowermost surface 112 until each It can therefore be seen that the cutting tool 34J 
of the corners has been engraved in the character. causes the inner radius of the inside corners to be re-' 
After the cutting tool 34 has followed the path indi- duced to a radius of 0.004 inch after the cutting tool 
cated in phantom at 152 in FIG. 22, the sidewall 121 of 20 has been lowered to the depth of platform 128. That is, 
the character 116 is substantially planar with the ex- the radius of the cutting tool 34 is 0.004 inch in the 
ception of the apex of the corner at which the platforms plane of the. land of the character when the lowermost 
1 28, 132; 138, 142, 146 and 150 have a stepped config- edge of the cutting tool has been lowered to the depth 
uration. " '' in the plane of platform 128. However, as seen in FIG. 

As best seen iri FIG. 24, which is taken along a 25 23, when the cutting tool 34 is moved along the diago- 
straight length of the character, the cutting edge of tool nal path 156 at the apex of the inside corner of the 
34 remains parallel to the sidewall 121 of the character character, the lowermost edge of the cutting tool 
at each of the depths. crosses the plane of the land 1 16 of the character at the 

That is, although. the cutting tool 34 was lowered to intersection of the path line 156 and the land of the 
the plane of platform 128 which is shown in phantom at 30 character at point 152. Since the lowermost surface of 
128' in FIG. 24, the axis was spaced from the top sur- the cutting tool 34 is 0.003 inch in radius, the radius of 
face of the character 116 by an amount equal to the the inside corner of the character is reduced to 0.003 
radius of the cutting tool 34 in the plane of the land 116 inch at the land of the character or the printing surface 
of the character. Consequently, since the cutting tool of the character. 

34 has the same gradient of cutting surface as the cut- 35 As set forth above, the depth of the character in the 
ting tool 32, the cutting surface of the cutting tool 34 is preferred ; embodiment is approximately 0.02 1 inch, 
parallel and tangent to the straight portion of the char- Therefore, were the fine cutting tool 34 . used in the 
acter at the surface 122. conventional manner at only a single depth, the small- 

As the cutting tool 34 is lowered to each of the sue- est that the radius at the inside corners of the character 
needing depths which are illustrated in phantom at 40 could ; be made. is equal to the radius of the cutting tool 
/l32', 138', 142', 146', and 150' in FIG. 24 which are in 34 in the plane of the land U6of the character with the 
the planes of the platforms 132, 138, 142, 146 and 15C, lowermost end of the cutting tool at the lowermost 
respectively, the axis 122 of the cutting tool 34 is surface 1 12. The radius of the cutting tool at a height of 
spaced from the top surface of the character 116 in 0.021 inch from the lowermost end is 0.01 inch. It can 
accordance with the radius of the cutting tool in the 45 therefore be seen that the use of the successive depths 
^-plane of the land of the character. enables a considerable reduction of the radius at the 

Thus, as seen in : FIG. 24, at each of the depths, the inside corners of the character, 
cutting tool 34 has its lateral surface tangent and paral- There are many characters and patterns which do not 
lei to the sidewall 121. of the character. require the use of the smaller cutting tool 34. That is, 

After the cutting tool 34 has engraved the final plat- 50 the character zero has no inside corners, which are less 
form into lowermost surface 112 at the inside corners than a radius of 0.03 inch or approximately the radius 
of the character, the cutting tool is moved to the apex produced in the land of the character, by a preferred 
of each corner so that the axis 122 is coincident with cutting tool 32. Consequently, the second cutting tool 
point .154 along the path 152 shown in FIG. 22. The 34 is not necessary, in the engraving of the character 
cutting tool 134 is then moved so that the lower left- 55 zero, therefore, the program in the control console of 
hand corner of the cutting. tool, as seen in FIG. 23, \ the numerical control device automatically starts the 
moves along the path shown in phantom at 156 in.FIG. next character without using the second- cutting tool 
23; That is, the tool is lifted vertically and- the axis 34. • 
moved horizontally towards the apex of the corner However, in each character requiring an inside cor-^\ 
simultaneously. -This movement of the cutting too! 34 6Q ner having a radius of less than 0.03 inch, the cutting / 
acts to completely remove the. steps caused by the topi 34 is moved around the periphery of the idealized I 
platforms 128, 132, 138, 142, 146 and 350, respec- character outline at the various successive depths \ 
tively, The remaining. lateral surface at the apex of the . shown in the preferred embodiment in FIGS. 8 through 
inside corner thus coincides with line 156 shown in 24. : . 

FIG. 23 after this final operation has been performed. .65 After the character has been engraved, the indexing 
After the final, operation in each of the corners of the device 28 shown in FIG. 2 rotates the cutting wheel 30 
character numeral four, the numeral, four- appears as so that the next platform is moved to a horizontal dis- 
shown in FIG.. 7. The corners have been substantially . position and can then be engraved by cutting tool 32. 
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J Each of the printing wheels 30, since they are moved 
JGi by the platform 24 simultaneously and in the same 
Vyi positions with respect to the various cutting tools 32 
/ \^ind 34, are engraved simultaneously. Consequently, 
each of the eight printing wheels have the character 
numeral four engraved therein simultaneously and are 
indexed simultaneously to the next character. Conse- 
quently, the character numeral five is then engraved 
into the next platform after the indexing devices 28 are 
rotated to the next position. 

It can therefore be seen that a new and improved 
method of engraving characters by numerically con- 
trolled machine tools has been provided. The numeri- 
cal control machine includes a plurality of pairs of 
cutting tools and a plurality of indexing devices so that 15 
a plurality of engravable members can be engraved 
simultaneously with the use of only a single control 
console. 
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said character when said tip of said tool is at a 
depth with respect to the land of said character 
which is the smallest of said successive depths. 
2. A numerically controlled device for engraving; 
5 said device comprising a pair of rotatable cutting tools 
mounted closely together, said cutting tools each hav- 
ing a tapered cutting portion, a support member for an 
engravable member and control means for moving said 
support means with respect to said cutting tools, said 
10 control means causing said cutting tools to follow a 
desired pattern with respect to said engravable mem- 
ber, the first of said cutting tools having a larger diame- 
ter and being moved by said control means for remov- 
ing large areas of excess material about said desired 
pattern, said second cutting tool and said engravable 
member being moved with respect to each other by 
said control means to remove the excess material at 
inside corners of said pattern not accessible by said first 
cutting toot, said cutting tools being positioned by said 



tool is spaced from [ the ] an outline of said pattern in 
accordance with [ the] a radius of the cutting tool in 
the plane of the top surface of the engravable member, 



A numerical control program is therefore provided in 

the console which enables moving a first cutting tool 20 ^"LVl!fi 0 „ 0 rt * u ♦ r .u i c u **• 

.»;th ra c»^« t« as a u a r r j • j i_ control means so that L the J an axis of each cutting 

with respect to the desired borderline of a desired char- - 6 

acter. The program then causes a second cutting tool to 

automatically move with respect to the inside corners 

of the character. The second cutting tool is thus made . 4 , 4 ... . 4 . 

to pass the corners at various successive depths to re- 25 sa ' d sec ™ d tool being positioned at a plurality 

duce the radius of the inside corners. ° f depths so that the rad,us at the ,nside comers of said 

In addition, the large portions of area which must be pattern Ca " *f. red - uced 1° the radius of said second 

removed in order to provide an embossed character are C " Ul i? adjacent its t.p. 

removed by a large cutting tool which is capable of long 3 " T r he / nvent10 " of c,aim 1 and further including the 

wear. When an inside corner remains in the character 30 ste P of P lacin S said cuttm g too! at ^ J apex of 




which is not reduced in radius enough to make the 
character look sharp, a second cutting tool having a 
smaller radius is utilized in successive steps at succes- 
sive depths to reduce the radius at the apex of the 
irj?«de corner. 35 
It should be understood that this invention is hot 
mited to numerical or alphabetic characters. This 
invention can be utilized to engrave characters of any 
shape or pattern. Moreover, as used in the specification 
and claims, the term "character" is generic to any 40 
pattern that may be embossed into a surface. 

Without further elaboration, the foregoing will so 
fully illustrate my invention that others may, by apply- 
ing current or future knowledge, readily adapt the same 
for use under various conditions of service. 4 5 
What is claimed as the invention is: 
1. A method of engraving inside corners of embossed 
characters with a numerically controlled machine tool 
device comprising the steps of: 
providing a rotatably mounted cutting tool having a 50 

tapered cutting portion; 
rotating said cutting tool; 

moving said cutting tool to an apex of an inside corner; 

positioning [the] a tip of said cutting tool at a 
plurality of successive depths with respect to 55 
[the] a land of said character at the apex of the 
inside corner; 

moving said cutting tool with respect to the land of 
said character about [the] a desired outline of 
said character at the apex of the inside corner so that 60 
[the] an axis of said tool is moved vertically and 
horizontally at each of said depths so that the tool is 
spaced from E the ] a desired borderline of said 
character a distance equal to [ the] a radius of 
said tool in [ the] a plane of said land of said 65 
character; 

whereby the radius on said inside corner is reduced 
to the radius of said tool in the plane of said land of 



said inside corner at the largest depth of said tool with 
respect to the land of the character and moving said 
cutting tool both vertically and horizontally towards 
the apex of [ the] a desired character so that [ the ] 
an inside corner of the character is smoothed. 

4. A method of engraving embossed characters with 
a numerically controlled machine tool comprising the 
steps of: 

providing a first rotatably mounted cutting tool hav- 
ing a tapered cutting portion; 

rotating said first cutting tool; 

positioning said cutting tool at a first predetermined 
depth with respect to [ the ] a top surface of said 
character equal to t the ] a depth of said charac- 
ter; 

moving said cutting tool with respect to said charac- 
ter about I the J a desired outline of said charac- 
ter so that [ the ] an axis of said tool is spaced 
from C the ] a borderline of said character by a 
distance equal to [ the ] a radius of said tool in 
[ the ] a plane of the top surface of said character; 

providing a second rotatably mounted cutting tool 
mounted adjacent said first cutting tool and having a 
tapered cutting portion with a smaller radius than 
said first cutting tool; 

moving said second tool with respect to said character 
so that said character is disposed below said second 
cutting toot; 

positioning said second cutting tool at a second pre- 
determined depth intermediate of said first prede- 
termined depth; and 

moving said second cutting tool with respect to said 
character about the desired outline of said charac- 
ter wherein excess material outside said desired 
outline remains so that the axis of said second tool 
is spaced from said borderline of said character by 
a distance equal to the radius of said tool at the top 
surface of said character. 
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5. The invention of claim 4 wherein said second cut- 
ting tool is positioned at a plurality of successive depths 
between said second predetermined depth and said first 
predetermined depth and said second cutting tool is 
moved at each of said depths about the desired outline 5 
of said character with said axis of said second tool 
being spaced from said borderline of said character by 

a distance equal to the radius of said cutting tool in the 
plane of said top surface of said character at each of 
said depths. 10 

6. [The invention of claim 5 and further including 
the step of 3 A method of engraving embossed charac- 
ters with a numerically controlled machine tool compris- 
ing the steps of: 

providing a first rotatably mounted cutting tool having 1 5 

a tapered cutting portion; 
rotating said first cutting tool; 

positioning said cutting tool at a first predetermined 
depth with respect to a top surface of said character 
equal to a depth of said character; 20 

moving said cutting tool with respect to said character 
about a desired outline of said character so that an 
axis of said tool is spaced from a borderline of said 
character by a distance equal to a radius of said tool 
in a plane of the top surface of said character; 25 

providing a second rotatably mounted cutting tool 
having a tapered cutting portion with a smaller ra- 
dius than said first cutting tool; 

rotating said second cutting tool; 

positioning said second cutting tool at a second prede- 30 
termined depth intermediate of said first predeter- 
mined depth; 

moving said second cutting tool with respect to said 
character about the desired outline of said character 

35 
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wherein excess material outside said desired outline 
remains so that the axis of said second tool is spaced 
from said borderline of said character by a distance 
equal to the radius of said tool at the top surface of 
said character, said second cutting tool being posi- 
tioned at a plurality of successive depths between 
said second predetermined depth and said first prede- 
termined depth and said second cutting tool being 
moved at each of said depths about the desired out- 
line of said character with said axis of said second 
tool being spaced from said borderline of said charac- 
ter by a distance equal to the radius of said cutting 
tool in the plane of said top surface of said character 
at each of said depths; and 
positioning said second cutting tool at C the J a cen- 
ter of any excess material remaining and simulta- 
neously moving said cutting tool upwardly and 
towards the desired borderline of said character so 
that additional excess material may be removed. 

7. The invention of claim 2 wherein said device in- 
cludes a plurality of said pairs of cutting tools, said 
support member extending adjacent each of said pairs 
of said cutting tools so that a plurality of engravable 
members may be engraved simultaneously. 

8. The invention of claim 7 wherein said support 
members include a plurality of indexing devices and 
said engravable members comprise wheels having a 
plurality of engravable platforms about C the ] a pe- 
riphery thereof, said indexing devices adapted to rotate 
said wheels, said indexing devices being caused to ro- 
tate by said control means after a character has been 
engraved in each of said wheels. 
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